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Claims 

1. A piezoelectric type fluid ejection nozzle characterized by the following facts: there is 
at least one fluid supply port and fluid ejection port with fluid channels formed in the interior; in 
said fluid channel, there are at least two or more bimorph-forming parts with at least a portion in 
the fixed state. 
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2. The piezoelectric type fluid ejection nozzle described in Claim 1 characterized by the 
fact that the bimorph- forming part is a laminate of a material that forms a piezoelectric material 
after sintering and a material that forms a conductor after sintering. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a piezoelectric type fluid ejection nozzle. 

Prior art 

For the plate of the piezoelectric bimorph structure that opens/closes as an electric field is 
applied in opposite directions with respect to the polarization direction, as the electric field is 
applied, the plate on one side expands, while the other plate contracts, so that it can easily be 
deformed to the bent state. If an AC voltage is applied in this case, the bending direction is 
changed alternately. If it is partially supported, it becomes a sound generator. When said 
deformation is used, it can not only be used as a sound generator, but also as a relay or actuator 
as the contact point is driven to move. Many types of devices have been proposed in this respect. 

As one of said applications, the vibration plate of said piezoelectric bimorph is attached 
on a portion of the outer wall of the fluid channel. On the two ends of the fluid channel, a check 
valve is attached near the fluid supply port and fluid ejection port set there, so that it can be used 
as a fluid ejection nozzle without using any mechanical parts motors, etc., and it can be used in 
inkjet printers, etc. 

Problems to be solved by the invention 

For said fluid ejection nozzle, even when the vibration plate is formed only on one 
surface of the fluid channel, the change in volume of the fluid channel generated due to 
deformation of the vibration plate varies xmiformly with respect to the center of the vibration 
plate, so that the fluid in said fluid channel can move uniformly. As a result, as shown in Figure 
6, when vibration plate (61) deforms, the exhausted fluid is also discharged fi-om the supply port. 
In addition, when the deformation of the vibration plate is reset to its original state, not only is 
there an inflow firom the supply port, air is also drawn in firom the ejection port. In order to 
prevent these disadvantages, it is necessary to attach a check valve to the supply port and the 
ejection port. Also, the check valve must be constituted to allow flow only in one direction. 
Consequently, there is a minimization limit. For example, the attachment of the check valve in a 
fluid channel of several millimeter or less is difficult in itself, and even if the check valve is 
successfully attached, it is still impossible to eject the fluid linearly. Also, in order to effect the 



3 



minimization, ceramic integration is used. However, even in this case, such a check valve still 
cannot be formed. 

The purpose of the present invention to provide a piezoelectric type fluid ejection nozzle 
to solve the problems of the prior art. 

Means to solve the problems 

That is, the present invention provides a piezoelectric type fluid ejection nozzle 
characterized by the following facts: there is at least one fluid supply port and fluid ejection port 
with a fluid channel formed in the interior; in said fluid channel, there are at least two bimorph- 
forming parts with at least a portion in the fixed state. Also, the bimorph-forming part is a 
laminate of a material that forms a piezoelectric material after sintering and a material that forms 
a conductor afl;er sintering. 

Operation 

For the piezoelectric type fluid ejection nozzle of the present invention, in the fluid 
channel, two vibration portions that move independently are formed as bimorph-type laminate 
composed of three electrode layers. Part of each is fixed to the wall of the fluid channel, and at 
the positions on the side of deformation of said bimorph portions, the fluid supply port and fluid 
ejection port are formed, respectively, since it has a fluid channel and two independent bimorph 
portions. As a resuh, the bimorph on the supply port side and the bimorph on the ejection port 
side can be driven independently. During this period, it is possible to have a time difference. 
Then, for the bimorphs in the fluid channel, when the fluid supply port deforms, the fluid is 
discharged from the fluid ejection port. Then, while the bimorph on the side of the fluid supply 
port is deformed, the bimorph on the side of the fluid ejection port is blocked. In this case, since 
the fluid supply port is reset, the fluid is fed from the fluid supply port. In addition, even when 
the bimorph on the side of the fluid ejection port is reset, because the fluid direction is deformed 
toward the direction in which the fluid is fed from the fluid supply port, it is possible to obtain a 
ceramic integrated piezoelectric type fluid ejection nozzle for which there is no backflow during 
the fluid ejection to supply cycle. 

Application examples 

In the following, an explanation will be given regarding the piezoelectric type fluid 
ejection nozzle of the present invention with reference to the figures. 

Figure 1 is a cross-sectional view of the piezoelectric type fluid ejection nozzle in an 
application example of the present invention. 
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First of all, in fluid channel (11), two independent biniorphs (13) and (14) with electrode 
(12) formed in a 3-layer structure, and there are fluid supply port (15) and fluid ejection port (16) 
on the deformation side of the bimorph. In addition, for each of said two bimorphs (13) and (14), 
one end is fixed to the wall surface of the fluid channel. In this case, the positional relationship 
between the fixed bimorph and said fluid supply port and fluid ejection port is such that when no 
voltage is applied to the bimorph (that is, when there is no deformation of the bimorph), the 
position becomes the height of the upper portion of the fluid supply port and fluid ejection port. 
In addition, the fluid supply port is connected to fluid supply path (17). 

Figure 2 is a plan view illustrating an example of the pattern formed on the piezoelectric 
greensheet for obtaining the piezoelectric type fluid ejection nozzle of the present invention, and 
an example of the hole forming state. The portions (a)-(j) in different shapes and patterns are 
laminated, where (a) is the uppermost layer. 

For the constitution shown in Figure 2, first, (a) represents the greensheet that forms the 
uppermost fluid channel wall surface, and (b) represents a greensheet having cut portion (21) that 
forms the space on the upper side of the bimorph-forming part. Then, (c) represents a greensheet 
for insulating the uppermost electrode from the fluid, and it has cut portion (22) in a shape fitting 
the bimorph-forming part. Below it, there are greensheets (d), (e), (f) of the bimorph-forming 
parts having electrode (23) for forming the bimorph, cut portion (24) for setting the bimorph 
portion in the free state, and lead-out electrodes (25) for leading out the various electrodes. In 
addition, (g) represents a greensheet having cut portion (26) for forming the space to enable 
deformation of the bimorph; (h) represents a greensheet having cut portion (27) for forming the 
fluid channel and the supply port and ejection port of the fluid channel; (i) represents a 
greensheet having cut portion (28) for forming the fluid channel; and, finally, (j) represents the 
greensheet that forms the fluid channel wall surface as the lowermost layer. In the 
aforementioned explanation with reference to Figure 2, the pattem and shape of a single 
piezoelectric type fluid ejection nozzle are shown. As a result, it is bisected by greensheet (h). 
However, in practice, plural patterns may be formed on a single greensheet, and, by cutting after 
lamination, one can obtain the patterns for each.of said layers. Also, if the cut portions on the 
greensheets shown in Figure 2 are laminated and pressed as is, they may break. Consequently, 
one may adopt the following scheme: after cutting each sheet, a material, such as carbon 
greensheet or carbon paste or the like, that can bum off during the sintering operation to form 
cavity is applied to fill the cut portion matching the pattem. 

The ten piezoelectric greensheets prepared as described above are laminated in a pressing 
mold and heated to a temperature of about 100°C; they are then pressed and bonded together 
under a pressure of about 250 kg/cm^ to obtain a laminate. Then, the laminate is sintered after the 
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de-binder step of operation to form the piezoelectric type fluid ejection nozzle with the 
cross-sectional structure shown in Figure 1 . 

For the laminate constitution in this example, there is only one layer that forms each of 
the upper/lower fluid channel walls. However, due the thickness of the greensheets, it is clear 
that plural greensheets may be used for reinforcement, or protection is added to the internal 
bimorph-forming part. In addition, the type of the bimorph-forming part is not limited to the 
aforementioned form. It can be designed to freely match the shape of the fluid channel, and there 
is no particular limitation on the number and size of the fluid supply ports and fluid ejection 
ports. On the other hand, in the aforementioned explanation, the fluid supply port and fluid 
ejection port are set facing the two bimorph-forming parts. However, as long as the fluid supply 
port and fluid ejection port can be set in the portions of displacement of the bimorphs, as shown 
in Figure 3, one may also adopt a scheme in which two bimorph-forming parts (31) are set side 
by side in the same direction, and the patterns of the greensheets are formed so that partition 
portion (32) and fluid channel (33) are formed between them. 

The piezoelectric greensheets used here are prepared as follows: a powder of 
piezoelectric material mainly made of lead magnesium niobate Pb(Mgi/3 • Nb2/3)03 is dissolved 
together with an organic binder in a solvent to form a slurry. The slurry is applied using the slip 
casting method to form a ceramic feed sheet with a uniform thickness of 20 \\m - 200 ^m. 

The ceramic feed sheet is punched to the prescribed size, and the holes for forming the 
various cut portions are formed by punching and dies. Then, an electrode paste is printed using a 
screen printer on each greensheet of the bimorph-forming part processed with holes included. 
Then, the greensheets are set in a pressing mold, and, while the carbon greensheet is filled in 
each cut portion, the various greensheets are laminated, and the stack is heated to about 100°C, 
while they are pressed and bonded together under a pressure of about 250 kg/cm^ to form a 
laminate. Then, as needed, the laminate is cut to the prescribed dimensions. Then, in a de-binder 
step of operation, the organic substance present in the cavity pattern and in the ceramic 
greensheets are decomposed and eliminated by slow heating in an oxidation atmosphere. 
Usually, the organic substances are completely decomposed and oxidized at a temperature of 
500-600°C. However, if the temperature is raised rapidly to the decomposition temperature, the 
laminate may be damaged. Consequently, the heating should be performed with a gradual rate of 
temperature rise rate of 25°C/h or slower, and it is then kept for a sufficiently long time at 
500- 00°C, so that the organic substances are fully eliminated. 

Then, sintering is performed at a temperature of 900-1200°C, and the piezoelectric type 
fluid ejection nozzle explained above is obtained. Also, since the electrode pattern as the lead-out 
terminal appears until the end surface of the laminate, one may also adopt a scheme in which 
silver paste or the like is sintered and attached as the external electrode. 
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For the piezoelectric type micro-pump obtained in the above, first of all, polarization 
treatment is performed by applying a voltage of about 100-200 V to the electrodes of the 
bimorph-forming parts for about 1 min. 

Then, the electrodes of said two bimorph-forming parts are connected side by side such 
that they are connected opposite to each other with respect to said polarization direction, and 
they are led out as the terminals of bimorph (1) and bimorph (2). 

- In this way, two drivers are connected such that the voltage waveform shown in Figure 4 
is obtained at the lead-out terminals. Figures 5(a)-(e) are cross-sectional views illustrating the 
movement of the piezoelectric type fluid ejection nozzle of the present invention when driving is 
performed with said driving waveform. 

First, (a) shows the state when no voltage is applied to both bimorphs, and the fluid fills 
the fixing carrier, (b) shows the case when a voltage is applied to the bimorph on the fluid supply 
port side, the bimorph deforms, the fluid moves towards the fluid ejection port, and the fluid is 
blown out from the fluid ejection port, (c) shows the state in which a voltage is applied to the 
bimorph on the side of the fluid ejection port on one side and deformation takes place, and the 
fluid ejection from the fluid ejection port is stopped, (d) shows the state in which the voltage 
applied to the side of the fluid supply port is cut off, and the state is reset by the operation of the 
discharge circuit, and the fluid is fed from the fluid supply port to the interior of the fluid channel 
during said resetting operation, (e) shows the state in which the voltage applied to the bimorph 
on the side of the fluid ejection port is cut off, and the state is reset by the operation of the 
discharge circuit, and the fluid is fed from the fluid supply port to the interior of the fluid channel 
during said resetting operation, so that the state recovers to state (a). Then, said steps of 
operation (b)-(e) are performed repeatedly so that the fluid is ejected continuously from the fluid 
ejection nozzle. In this case, since the bimorphs set on the side of the fluid supply port and the 
side of the fluid ejection port deform independently and with the operation performed temporally 
separated from each other, the operation can display the effect of preventing backflow and the 
suction of air can be prevented. 

Effects of the present invention 

As explained above, according to the present invention, the bimorphs set on the side of 
the fluid supply port and the side of the fluid ejection port are deformed independently, with the 
operation performed at different times, so that the fluid can be driven to flow in a prescribed 
direction. In this case, the two bimorphs work such that no backflow takes place. Consequently, 
there is no need to use a valve for preventing backflow, and for a fluid channel of any size, it is 
only required that two bimorphs be formed in the fluid channel. As a result, it is possible to 
produce ultra-small piezoelectric type fluid ejection nozzles. Also, the piezoelectric type fluid 
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ejection nozzle of the present invention can be simply produced by laminating and sintering 
piezoelectric layers, and there is no need to use any attached parts or to perform any assembly 
operation. Consequently, it is possible to cut the cost of piezoelectric type fluid ejection nozzles. 

In the aforementioned application example of the present invention, the greensheets of 
piezoelectric ceramics are laminated to form the structure. However, if an especially smaller size 
is required, one may also adopt a scheme in which a bimorph plate is prepared using ceramic 
lamination technology, and it is then assembled in the fluid channel having fluid supply port and 
fluid ejection port made of stainless steel or the like, and the same effects as those described 
above can be realized. Also, an Inkjet head of an Inkjet printer can be obtained by having the 
fluid supply port fit the diameter of the hose for fluid transport and using ink as the fluid. In 
addition, one may also adopt the following scheme: a fluid channel and a fluid supply port are 
also formed on the upper side of the bimorph-forming part; and an AC drive voltage in phase 
with the drive waveform shown in Figure 4 is used. As a result, the deformation of the bimorph 
portion becomes larger, and the fluid in the upper/lower fluid channels can move towards each 
other. Consequently, the fluid ejection rate and the force for ejecting the fluid firom the fluid 
ejection nozzle become higher, so that the obtained piezoelectric type fluid ejection nozzle has 
better performance. 

On the other hand, the method for forming cavity in the interior is not limited to the 
scheme using said carbon greensheet or carbon paste. One may also adopt a scheme in which the 
photosensitive resin described in Japanese Patent Application Nos. Sho 60[1985]-243218 and 
Sho 60[1985]-243219 is exposed and developed for patteming, and the obtained patterned film is 
pressed on the greensheets during lamination, so that the piezoelectric type fluid ejection nozzle 
with the same effects can be realized. 

Also, for the piezoelectric type fluid ejection nozzle of the present invention, when the 
fluid ejection port is taken as the fluid outlet to a fluid channel, since it is driven continuously by 
a continuous wave, the fluid flows out continuously from the fluid outlet. Consequently, the 
piezoelectric type fluid ejection nozzle can be used as a micro-pump for transporting fuel to an 
engine or as a micro-dispenser for transporting high-viscosity substances, etc. 

Also, by having the fluid ejection port match the dot pitch of a dot printer and forming a 
pattem by burning off material during the sintering process from the fine fluid channels between 
the fluid ejection port with said pitch and the fluid channel containing plural piezoelectric 
bimorphs of the present invention, it is possible to easily form the Inkjet dot printer. 

Brief explanation of the figures 

Figure 1 is a cross-sectional view of an application example of the present invention. 
Figure 2 is a diagram illustrating the shape of the greensheet in an application example of the 
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present invention and its pattern. Figure 3 is a plan view illustrating the internal bimorph- 
forming part in another application example of the present invention. Figure 4 is a diagram 
illustrating the drive waveform for driving the two bimorphs and the driver circuit. Figure 5 is a 
cross-sectional view illustrating the state when the structure shown in Figure 1 is driven as 
shown in Figure 4. Figure 6 is a cross-sectional view illustrating the piezoelectric type Inkjet 
head in the prior art. 
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